The carbon nanotubes (CNTs) samples are grown using the microwave plasma chemical vapor deposition (MPCVD) and thermal chemical vapor deposition (THCVD) technique on Fe catalyst deposited by thermal evaporation on silicon substrate. The field emission measurements of the samples have been made in a diode assembly at room temperature in a vacuum chamber with a base pressure of 10 -7 mbar. The turn-on fields of CNT films grown by THCVD and MPCVD techniques are 0.6 and 1.0 V/μm, respectively. Introduction Carbon nanotubes have caught the attention of the scientific community since its discovery [1] due to their superior mechanical strength and low weight, good heat conductance, varying electronic properties, large surface, and their ability to emit the cold electrons at relatively low voltage. The ability to emit the cold electrons makes them suitable for electron source in flat panel displays [2], x-ray sources and electron microscopes. The CNTs have also been employed to fabricate nano-field effect transistors (FETs) [3] , nano-schottky diodes and ion storage batteries. In this work we present field emission characteristics of CNT films synthesized by MPCVD and THCVD. Experimental The substrate used was silicon coated with a thin film (∼50 nm) of iron by thermal evaporation technique for both MPCVD and THCVD. The growth temperature of CNTs in MPCVD chamber was 820±20 0 C at a deposition pressure 40 mbar. The flow rate of methane and hydrogen were 6 and 40 SCCM, respectively and deposition time was 5 min. The growth temperature of CNTs in THCVD was 850±10 0 C. Ferrocene dissolved in toluene was used as carbon source. The flow rate of hydrogen was 70 SCCM during growth. Scanning electron microscopy (SEM), Hitachimodel S3400N, was used to characterize the surface of the CNT films. Raman spectroscopy was performed on the CNT film in a Jobin Yvon micro-Raman confocal spectrometer model HR800, with Argon ion laser (514.5 nm). Field emission measurements were done in an indigenous made software controlled system.
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Results and Diacussion Fig. 1 and 2 show the SEM micrographs of CNTs grown by MPCVD and THCVD respectively. The inset of Fig. 2 shows the vertically aligned nature of the CNTs grown in THCVD. In contrast the CNTs grown by MPCVD are lying parallel to substrate and entangled to each other. Fig. 3 shows microRaman spectra of CNTs grown by MPCVD and THCVD. The G band (1573 cm -1 ) indicates crystalline graphite while the D band (1348 cm -1 ) is associated with disordered carbon. Hence, an increase in the ratio of intensity of the D band (I D ) to the intensity of the G band (I G ) indicates an increase in the density of structural defects. I D /I G ratio for both the samples is nearly same. The peak at 162 cm -1 in THCVD sample arises due to radial breathing mode (RBM) of single walled carbon nanotubes (SWNTs) [4] . The diameter corresponding to this RBM mode is 1.46 nm. Fig. 4 shows the current density versus electric field characteristic (J-E plot) of the CNTs grown by MPCVD and THCVD. The turn-on field required to produce 1μA/cm 2 for MPCVD and THCVD grown CNTs are 1.0 and 0.6 V/μm respectively. The Fower-Nordheim (FN) plot shown in Fig. 5 , which exhibits a linear relationship, verified that the current resulted from the field electron emission. From the FN plot, the apperent field enhancement factors (β) were estimated to be approximately 4500 and 7000 for MPCVD and THCVD samples. In this calculation we assume the work function of the CNT to be 5 eV. The low turn-on field and large enhancement factor of THCVD sample as compare to MPCVD sample are due vertical alignment of the CNTs and presence of SWNTs signature [5] in THCVD sample. 
